Summary. Mice with the inherited obese-hyperglycemic syndrome (gene symbol ob) and theb lean litter mates were adrenMeetomized and then studied for up to 30--36 weeks with regard to their body weights and the serum glucose and immunoreactive insulin level. Sham operated obese and lean mice were used as controls. --Adrenaleetomy did not prevent the excessive weight gain of the obese miee. However, during the first three weeks after adrenalectomy the mean weight increase was somewhat smaller than in the sham operated controls. The increase in the body weights of the lean animals was, however, not affected. The most prominent finding after adrenaleetomy was a decrease of the serum levels of glucose and insMin in both obese and lean animals. --The results indicate that in the obese mice adrenaleetomy decreases the pronounced insulin resist, anee. It is Mso suggested that insulin resistance may be dissociated from the development of obesity in these animals.
drome is a marked enlargement of the adrenal glands, which has been attributed mainly to cortical hyperplasia (tIellerstr6m et al., 1962b) . To date it has not been clarified as to what extent this latter anomaly contributes to the other manifestations of the obesehyperglycemic syndrome. The observation that cortical hyperplasia was diminished when the calorie intake of the mice was restricted was interpreted to suggest, that hyperadrenoeortieism is not a primary aetiologic factor (HellerstrSm et aS., 1962b) . In addition, Mayer et al. (1953) reported that after bilateral adrenalectomy obese-hyperglycemic mice continued to gain weight although their blood glucose levels were temporarily decreased. The findings of Hausberger (1958) that high circulating corticosteroid levels in mice cause both obesity and an increase in number of pancreatic B-cells support the view that the enlarged adrenals may be of significance for the metabolic disturbances in the obesehyperglycemic syndrome.
The present study was designed to evMuate further whether hyperadrenocorticism is of etiological significance for the development of the obese-hyperglycemic syndrome in mice. For this purpose the effect of adrenalectomy on the obesity and circulating levels of glucose and insulin was followed in both obese mice and their lean litter mates.
Material and Methods
Thirty-eight male obese-hyperglycemic nuce (gene symbol ob) and 40 of their lean male litter mates were used. The animals, Which were 2 months old at the start of the experiment, belonged to a colony originating from Bar Harbor, Maine, U.S.A. and bred at the Department of Histology, Uaiversity of Uppsala, Sweden since 1959. The mice were kept in plastic cages in a windowless temperature regulated room (24~ 2~ artificially illuminated between 7 a.m. and 7 p.m. Free access to pelleted food (keel/g: carbohydrate 2.15, protein 0.92, fat 0.38) and water was allowed (cf. Westman, 1968) . Operations and handling of the animals were always performed be. tween 7 and 11 a.m. Altogether 29 obese and 30 lean mice were adrenalectomized, while 9 obese and 10 lean animals were sham operated and served as controls.
Adrenaleetomy was performed bilaterally by the dorsal route under light ether anesthesia using a modification of the method described by Gaunt (1933) . The adrenals were easily identified and carefully extirpated in order not to damage the capsule. In the sham operated eontroIs the adrenals were exposed but left intact. The wounds were closed with agraffes. The whole procedure took approximately 4 rain. A quick operation was foumd essential espeeialIy for the survival of the obese mice. Every 12th h during the first 36 post operative hours the adrenalectomized animals were injected intraperitoneally with 100 ~g corticosterone (Merck) in i0O ~xl 0.9% (w/v) saline (NaC1). The sham operated controls were injected with the same volume of saline. The adrenaleetomized animals were given a 0.45~ solution of NaC1 to drink.
Body weights were naeasured on a balance with a sensitivity of J: 0.1 g. Blood samples were obtained from the orbital vein plexus and the blood was collected in clean dry test tubes and allowed to clot at room temperature. After eentrifugation, the serum was removed frozen and stored at --18~ until assayed.
Glucose determinations were performed on duplicate serum samples (5 ~1) by a gIueose oxidase method (Hjelm et at., 1963) . A separate blank without glucose oxidase was run for each sample. The error of a single determination was :t: 3%.
Serum insulin was determined immunologieMly with a double antibody radioimmunoassay technique (t~ales and I~andle, 1963) using crystalline mouse insulin as standard (biological and immunological activity 23 U/rag). For satisfactory determination a minimal concentration of 0.3 ng/ml was required, The error for a single determination was • 10%.
Thirty to 36 weeks after operation the animals were killed by cervical dislocation. The abdominal cavity was searched thoroughly for regenerated or ectopic adrenal tissue. The presence of such tissue was checked by histological examination.
Results
After adrenalectomy 16 obese-hyperglycemic mice and 18 lean litter mates survived throughout the full period of observation. The corresponding numbers for the sham operated animals were 7 and 9
The body weights of the animals in the four experimental groups are given in Table t . After 3 weeks the weight gain of the adrenalectomized obese mice was only 0.8 4-1.0 g and significantly lower than that of the sham operated obese controls (5.7 4-0.9 g ; P < 0.01). At the end of the observation period the increase in body weight of the adrenalectomized obese mice was 9.44-7.2 g as compared to 18.74-2.9 g in the sham operated controls (P> 0.05). Adrenatectomy had no influence on weight gain of the lean animals.
As can be seen in Table 2 both t52pes of mice showed lower serum glucose levels after adrenalectomy. In the respectively..Autopsy of the adrenaleetomized mice at the end of the observation period revealed regenerated or ectopic adrenal tissue in 9 obese mice and 5 lean litter mates. Histological examination showed that the regenerated adrenal cortical tissue was normal in appearance. These animals displayed serum glucose and insulin values which rose to similar levels as in the sham operated controls and were excluded from the data, The residual material therefore consisted of 7 obese and 13 lean adrenalectomized mice, adrenalectomized obese group the values a.t 1, 2 and 3 weeks after the operation were significantly lower than in the controls. Thirty to 36 weeks after operation there was no longer any difference in serum glucose levels between the two groups of obese animals. This was obviously due to a drop in the serum glucose level of the sham operated controls, which most likely reflected an ageing process in these animals (cf. Westman, 1968) . After the second postoperative week the adrenalectomized lean animals had a significantly lower mean P. Naeser : Effects of Adrenalectomy on the Obese-Hyperglycemic Syndrome in Mice Diabetologla serum glucose level than did the sham operated lean mice. This difference persisted throughout the rest of the observation period. In the adrenaleetomized obese animals the serum insulin level decreased markedly (Table 3) within the first week after operation and this persisted throughout the period of observation. A reduction of the insulin level was noted also in the adrenaleetomized lean litter mates one week after adrenaleetomy (P < 0.05).
It is also evident that at all times after adrenaleetomy there were significantly higher circulating serum insulin levels in the obese than in the lean animals (P < 0.01).
Discussion
The present study demonstrates that adrenaleetomy causes a marked reduction of circulating levels of glucose and insulin, but does not prevent excessive weight gain by obese-hyperglycemic mice. At the time of operation the animals were in a dynamic phase of the syndrome, when both the body weights and serum glucose and insulin levels arc known to increase rapidly (Westman, 1968) . The failure of adrenaleetomy to arrest the weight gain is in agreement with the report of Mayer et el. (1953) , who observed that removal of the adrenals did not result in a reduction of the body weight in an obese-hyperglycemic mouse. This is in contrast to results obtained in other strains of mice with inherited obesity. Excessive accumulation of fat did not occur in adrenalectomized NI-I and Aye mice (Hausbcrger et el., 1960; Liebelt, 1963) .
It has been shown previously that obesity in laboratory animals may be associated with increased adrenal weight, although this is variable. Thus, enlargement of the adrenal cortex has been reported with other varieties of hereditary obesity such as NZO, Aye and NK mice (Bielschowsky et al., 1956; Hellerstrhm et al., 1962b; Hausberger et al., 1960) . On the other hand, mice with the diabetic syndrome (gene symbol db) have adrenal glands of normal size (Coleman et el., 1968) . Moreover, in mice with obesity induced by hypothalamic lesions resulting from either goldthioglucosc administration or electrolytic damage of the ventro medial nucleus, the adrenal weights arc found to be unchanged (Marshall et al., 1957) . The variation of adrenal weights found in different forms of obesity in mice makes it difficult to draw conclusions as to the precise aetiological significance of these glands for the development of obesity. The present finding that the body weights of the obese-hyperglycemic mice increased even in the absence of the adrenal glands suggest that adrenoeortieal steroids may not be of primary aetiologieal significance for this particular type of genetically induced obesity. Further support for this view comes from recent observations of elevated levels of circulating corticosteroids in the obese-hyperglycemic mice (Naeser, unpublished) . On the other hand the presence of hyperadrenocorticism seems to influence the serum insulin concentration of the obesehyperglycemic mice and at least two possible mechanisms must be considered. First the insulin resistance of these animals might be changed. This is supported by the present finding that after adrena]ectomy both the serum insulin and glucose levels were reduced in the obese animals probably reflecting a marked decrease of their insulin resistance. A lowered insulin resistance can also be induced by starving the animals (Butt et al., 1966) or by feeding them a carbohydrate free diet (Chlouverakis, 1971) . It seems, however, unlikely that the decreased serum insulin levels observed here were caused by a state of starvation of the obese mice since their weight gain did not differ significantly from that of their controls. The view that hyperfunction of the adrenal glands contributes to the disturbed carbohydrate metabolism of the obese-hyperglycemic mice gains further support from previous observations by Hansberger (1958) , who found that subcutaneous implantation of dehydroeorticosterone or corticosterone pellets to mice resulted not only in enlarged islets of Langerhans but also in obesity. Further, administration of glueocorticoid to rabbits is reported to result in increased concentrations of serum insulin and morphological signs of functional stimulation of the islet B-cells (Volk et el., 1963; Berson et el., 1959 ). An alternative explanation would be that the corticosteroids directly affect the insulin secretion of the B-cells. Although such an effect cannot be excluded there is so far little evidence that corticosteroids directly modify the insulin release, at least in vitro (cf. Malaisse, 1969) .
In conclusion, the present data suggest that hyperfunction of the adrenal glands may contribute to the insulin resistance of the obese-hyperglycemic mice. The observation that adrenalectomy did not prevent excessive weight gain in these animals also suggests that the development of obesity in these animals can occur also in the presence of a decreased insulin resistance.
